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Summary
The freq uency, age of onset and organ distribution of spontaneously occurring vasculitis was examined in a sequential study with 170 MRL mice of both substrains. Necrotizing vasculitis was seen in 55·8% of MRLlMp-lpr/lpr mice studied, beginning at the age of 3 months. The kidney and urinary bladder were most frequently involved. In MRLlMp-+/+ mice necrotizing vasculitis was much less frequently present (7'6%), beginning at the age of 18 months, and was seen only in the kidney, stomach and testes. In both substrains mononuclear infiltration of pulmonary vessel walls preceded the occurrence of necrotizing arteritis in other organs. The immunofluorescence study revealed the presence ot immune complex components (immunoglobulin G, C3, murine leukaemia virus antigen gp71) in the vessel walls of the renal arteries of six out of 36 Ipr/lpr mice with necrotizing arteritis.
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The inbred mouse strain MRL spontaneously develops an auto-immune connective tissue disease similiar to human systemic lupus erythematosus (SLE) . The lupus-like disease is characterized by several immunological abnormalities, i.e. hypergammaglobulinaemia and a variety of autoantibodies and circulating immune complexes (Andrews et al., 1978) . Mice of substrain MRUMp-lpr/ipr (formerly MRU I) differ at a single genetic locus from mice of substrain MRUMp-+/+ (formerly MRUn) by the autosomal mutant gene lpr which produces lymphoproliferation and acceleration of Received 14 October 1986 . Accepted 21 May 1987 the SLE syndrome (Murphy & Roths. 1978 (Andrews et al., 1978; Murphy & Roths, 1978; Murphy, 1981; Le Ming Hang, Theofilopoulos & Dixon, 1982; Hewicker & Trautwein, 1986) . Mice of substrain +/ +, lacking the gene lpr, show no Iymphoproliferation and develop a late life disease (Andrews et al., 1978) .
Several workers have described the occurrence of degenerative vascular lesions (Accinni & Dixon, 1979) and necrotizing arteritis (Andre~s et al., 1978; Murphy & Roths, 1978; Murphy, 1981 , Berden et al., 1983 in MRL mice of substrain Ipr/lpr. Alexander et al.
(I985) described two distinct histopathological types of vasculitis, the neutrophilic and the mononuclear inflammatory vascular disease, occurring in MRL mice of both substrains.
The purpose of the present study was to examine the histopathology, frequency, age of onset and organ distribution of vasculitis in MRL mice of both substrains and different age groups. The kidneys were studied using the immunofluorescence method to detect immune complex components in damaged vessel walls.
Materials and methods

Mice
The study was carried out with a total of 170 MRL mice of both substrains: MRUMp-lpr/ipr (n = 104; 51 male, 53 female) and MRUMp-+/+ (n = 66; 37 male, 29 female). The breeding stock was originally obtained from Dr E.D. Murphy (Jackson Laboratory, Bar Harbor, Maine, USA). A colony was established by Professor Dr K. Gartner (Zentrales Tierlabor, 
Results
Necrotizing vasculitis affecting small-and medium-sized muscular arteries and arterioles was found in both substrains of MRL mice. In acute stages the media showed fibrinoid necrosis with segmental or circumferential deposits of homogeneous eosinophilic material ( Fig. 1 ). With the PTAH stain the eosinophilic material was positive for fibrin. In the areas of medial necrosis nuclear debris, erythrocytes, disruption of the internal elastic lamina and infiltrating neutrophilic granulocytes were seen.
In subacute stages histiocytes, lymphocytes and fibroblasts occurred in the necrotic media and in the adventitia (Figs 2 and
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Hochschule Hannover) by brother-sister matings. Animals were kept under conventional conditions and were caged in groups of two to five in type I I Macrolon cages on wooden granules. They were fed pel-!eted diets (Altromin 1324: Altromin GmbH, 0-4937 Lage) and had tap water ad libitum.
Male and female mice of both substrains were studied at I, 2, 3, 4, 5, 6 and 7 months of age, and +/+ mice additionally at 12, 18 and 24 months of age. The number of mice studied per age group is shown in Table I . 
Histopathological techniques
Mice were killed by exsanguination under ether anaesthesia and were subjected to a complete necropsy. Brain, heart, lung, liver, stomach, small and large bowel, kidney, urinary bladder and testes or uterus were fixed in 10% neutral buffered formalin, embedded in Paraplast and stained with haematoxylin and eosin. Sections of selected tissues were stained with phosphotungstic acid and haematoxylin (PTAH).
Immullofluorescence
Cryostat sections of the kidneys of all mice studied were examined by the indirect immunofluorescence method with antisera against mouse immunoglobulin G, mouse C3 and the major glycoprotein (gp7 I) of murine Friend leukaemia virus. Further details of the im-munofluorescence technique and employed have been given (Hewicker & Trautwein, 1986) .
the antisera previously 3). In chronic reparative stages a prominent adventitial and medial infiltration by mononuclear cells and fibroblasts was seen ( Fig. 4) .
In some cases, cellular proliferation resulted in narrowing and obliteration of vessel lumina. The various stages often occurred within the same animal and within the same organ. The frequency of necrotizing vasculitis in the different age groups of both substrains of MRL mice is shown in Table I . In mice of substrain MRL/Mp-Ipr/lpr it occurred in 55·8% of mice examined and was seen for the first time at the age of 3 months. In mice of substrain MRL/ Mp-+/+ necrotizing vasculitis was much less frequently present (7 ·6%) and occurred only in older age groups, beginning at the age of 18 months.
In Ipr/lpr mice necrotizing vasculitis was most frequently found in the kidney and urinary bladder, while other organs were less frequently involved (Table 2 ). The number of organs affected varied in individual animals. In the majority of cases vasculitis was found in one or two organs, while involvement of three or more (up to five) organs was seldom seen.
In +/+ mice, necrotizing vasculitis was only found in the kidney, stomach and testes.
In 27 of 104 (26·0%) lpr/lpr mice and in two of 66 (3·0%) +/+ mice studied the walls of pulmonary vessels (small and medium-sized arteries, arterioles, veins and venules) were infiltrated by mononuclear cells. Infiltrates mostly consisted of lymphocytes and some histiocytes.
Plasma cells and neutrophilic granulocytes were seldom encountered.
The extent of vessel wall infiltration varied. Invasion of inflammatory cells was segmental or circumferential, and vessel walls were partially 
Urinary bladder Testes Uterus
Number of mice wi/h wisc/ili/is
6 (5·8%) 0 (O°,.{,) 9 (8,6'10) 2 (3.0%) 3 (2'9%) 0 (0%) 36 (34-6%) 2 (3.0%) 31 (29·8%) 0 (0%) I (U·96%) 3 (4.5%) 3 (2·9%) 0 (U%) nuclear vessel wall infiltration was first seen at the age of 2 months (11 = 2). In the older age groups it was either found alone (11 = 6) or associated with necrotizing vasculitis in other organs (/1 = 19). In substrain +1+ mononuclear infiltration of pulmonary vessels was found in only two mice. In one mouse aged 7 months the lung was the only organ affected whereas in one mouse aged 18 months it was associated with necrotizing arteritis in the testes.
Mononuclear infiltration of pulmonary vessels was accompanied by generally severe perivascular accumulations of lymphocytes, plasma cells and some histiocytes (Fig. 5 ). Perivascular cuffing of intact vessels of lung, kidney and liver in Ipr/lpr mice occurred for the first time at the age of 2 months, and from this age on it was present in nearly all mice studied.
In +/+ mice perivascular cuffing was first seen at the age of 6 months but was considerably less severe than in lpr/lpr mice.
In the brain of 41 out of 104 (39·0%) lpr/lpr mice examined infiltration of the choroid plexus of the third ventricle by lymphocytes, plasma cells and some histiocytes was seen. Infiltrations were first found at the age of 2 months, being present in a single mouse of this age group. Only one mouse aged 4 months showed necrotizing vasculitis in the choroid plexus. In +/+ mice perivascular infiltrations by lymphocytes and plasma cells of intra parenchymal and leptomeningeal vessels occurred.
In the choroid plexus cellular infiltrations were absent.
In neither of the substrains was there evidence of sex-related differences with regard to frequency or age of onset of inflammatory vascular changes.
Immunofluorescence findings
Deposits of immune complex components were found in the renal arteries of six out of 339 36 lpr/lpr mice with necrotiZing artentls.
In one mouse aged 5 months and three mice aged 7 months deposits of IgG, C3 and murine leukaemia virus antigen gp71 were present. In another 7 months old mouse arterial deposits of IgG and C3 were seen and in one 6 months old mouse deposits of C3 were found. Examination of serial cryostat sections revealed that in all six cases the different immune complex components were located in the wall of the same artery and were present in a granular immunofluorescent pattern (Figs 6A and  6B ). Immune complex deposits were absent in the renal vessels of +/+ mice.
Discussion
The aim of the present study was to examinc the sequential development of vasculitis histologically in MRL mice of various agc groups. Affected kidney vessels were studied by immunofluorescence for the presence of immune complex deposits.
A necrotizing type of vasculitis was found in various organs of both MRL substrains.
It affected 55·8% of MRL/Mp-lpr/lpr mice and 7·6% of MRL/Mp-+I+ mice and was characterized by fibrinoid necrosis of arterial walls. In acute stages, neutrophilic granulocytes invaded the necrotic vessel walls, and in subacute and chronic stages histiocytes, lymphocytes and fibroblasts occurred in the media and adventitia. Necrotizing vasculitis was present in all organs examined except for the lungs and large bowel, most often occurring in the kidney and urinary bladder (Table 2) .
Necrotizing vasculitis in MRL mice histologically resembles the necrotizing polyarteritis that occurs in experimental acute serum sickness and other immune complex diseases in animals and man and is generally attributed to the deposition or in situ formation of immune complexes (Cochrane & Koffler, 1973; Fauci, 1983) . Berden et al. (1983) also observed various stages of necrotizing arteritis in Iprl Ipr mice and found that mice with this type of vascular lesion had significantly higher levels of circulating immune complexes than those without. Interestingly, our sequential study revealed that in Ipr/lpr mice necrotizing vasculitis was seen for the first time at the age of 3 months. This seems to correlate with the results of Andrews et al. (1978 ), Izui et al. (1979 and Kromschroder (1984) that in Ipr/lpr mice from the age of 3 months on an enormously increased level of circulating immune complexes is present. In substrain +/+ in which levels of circulating immune complexes remain low during the first 7 months of age (Kromschroder, 1984) necrotizing vasculitis was seen for the first time at the age of 18 months. These findings correspond to the observation (Hewicker & Trautwein, 1986 ) that in Ipr/lpr mice severe proliferative forms of glomerulonephritis occur at the age of 3 months, while +/+ mice show late onset of noticeably less severe glomerular lesions.
Our immunofluorescence study revealed the presence of immune complex components in the arterial walls of six out of 36 kidneys of Iprl Ipr mice with necrotizing arteritis. In four of these cases gp71 antigen of murine Friend leukaemia virus was detectable. These findings Hewiekcr & Trautwein give further support to the view that immune complexes with glycoprotein antigens of murine leukaemia virus as the antigenic constituent may be involved in the pathogenesis of necrotizing arteritis in MRL mice (Berden et al., 1983) . The fact that the majority of kidneys studied by immunofluorescence were negative could be due to successful elimination of immune complex deposits by phagocytic cells as occurs in acute serum sickness (Cochrane & Koffler, 1973) . Studies of the levels and composition of circulating immune complexes and of vascular deposits of complex components in various organs of individual mice would help to clarify the immune complex pathogenesis of necrotizing vasculitis in MRL mIce.
Alexander et al. (1985) described the occurrence of a 'neutrophilic inflammatory vascular disease' in both substrains of MRL mice. This type of vasculitis predominated in substrain Ipr/lpr and in principle was defined as vascular lesions associated with infiltration by neutrophilic granulocytes constituting more than 5% of the total inflammatory cell population within the vessel walls. In contrast with the study of Berden et al. (1983) and with our study, Alexander et af. (1985) did not describe the presence of different stages of arteritis. It can be assumed, however, that the terms 'neutrophilic inflammatory vascular disease' and 'necrotizing vasculitis' largely reflect the same type of vasculitis.
In both substrains Alexander et al. (1985) observed a 'mononuclear inflammatory vascular disease', which predominantly occurred in mice of substrain +1+. It was characterized by disruption of vessel wall integrity by infiltrating mononuclear cells and was seen in the lungs and predominantly in the pancreas. In our study, mononuclear infiltration of vascular walls occurred less frequently than in the study of Alexander et al. (1985) . A possible explanation for this could be that we did not examine the pancreas. Our sequential study revealed that mononuclear vasculitis preceded the occurrence of necrotizing vasculitis and was already present at the age of 2 and 7 months in two Iprllpr mice and one +1+ mouse respectively. Interestingly, Staszak and Harbeck (1985) in lungs of NZB/W mice, another model for murine SLE, also described the occurrence of a mononuclear cell vasculitis histologically resembling mononuclear vessel wall infiltration in lungs of MRL mice. The pathogenesis of this type of vasculitis in murine SLE, however, is not clear and needs further investigation.
Thus MRL mice seem to provide a good model to study the immunopathogenesis of vasculitis in autoimmune connective tissue disease.
